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IntroducAon:	  Electroencephalography	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IntroducAon:	  Generators	  of	  the	  EEG	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•  Accurate	  forward	  modeling	  en	  conducAvity	  uncertainty	  
•  Illposedness	  and	  sensiAvity	  to	  noisy	  data	  
•  Conclusions	  
IntroducAon:	  EEG	  source	  localizaAon	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PotenAal	  distribuAon	  at	  the	  scalp	  
measured	  at	  electrodes	  or	  sensors	  
EsAmaAon	  of	  the	  origin	  of	  the	  	  
electrical	  acAvity	  in	  the	  brain	  




EEG	  measured	  :	  	  
! 
Vmeas
EsAmaAon	  of	  the	  parameters	  by	  means	  of	  minimizaAon	  of	  a	  cost	  funcAon	  
! 
RE = Vmeas "Vmodel




Need	  for	  a	  correct	  and	  
detailed	  headmodel	  
	  
IntroducAon:	  EEG	  source	  localizaAon	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Assump2on	  :	  Within	  the	  EEG	  Ame	  frame	  
	  	  	  	  	  	  	  	  there	  is	  only	  one	  source	  
Assump2on	  :	  there	  are	  many	  sources	  
Single	  dipole	  model	   Distributed	  source	  model	  
Parametric	  soluAon	  
Imaging	  soluAon	  
MNE,	  (s)LORETA,	  FOCUSS,	  
beamformers	  
Illposedness	  challenge	  
Need	  for	  the	  correct	  number	  of	  sources	  




•  Accurate	  forward	  modeling	  en	  conducAvity	  uncertainty	  
•  Illposedness	  and	  sensiAvity	  to	  noisy	  data	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Challenge:	  Forward	  Modelling	  
•  Geometry	  is	  a	  key	  aspect	  in	  EEG	  source	  imaging	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Spherical	  head	  models	  
Surface	  head	  models	  
Volume	  conductor	  models	  
SegmentaAon	  of	  	  
different	  modaliAes	  
(MRI,	  CT)	  
Challenge:	  Forward	  Modelling	  









•  Variable	  conducAvity	  
•  Inhomogeneous	  
	  
Uncertainty	  in	  conducAvity	  value	  
causes	  shi`s	  in	  source	  esAmate	  
Skull	  can	  be	  seen	  as	  a	  layered	  
model	  
Skull	  
Trend:	  Forward	  modeling	  





CorAcal	  grid	  modeling	  
during	  simultaneous	  
EEG	  and	  ECoG	  
registraAon	  





















[Montes	  et	  al.,	  submi9ed	  to	  PMB]	  
Need	  for	  fast	  
and	  stable	  
forward	  solvers	  
Trend:	  Forward	  modeling	  
•  Advanced	  measurements	  and	  algorithms	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[Crevecoeur	  et	  al.,	  Patent	  WO	  2011/058059A1]	  
Reducing	  conducAvity	  uncertainty	  based	  
on	  subselecAon	  of	  electrodes	  during	  EEG	  
source	  esAmaAon	  procedure	  
	  Electrical	  Impedance	  Tomography	  	  (EIT)	  
MagneAc	  Resonance	  -­‐	  EIT	  
Measuring	  conducAvity	  in	  individual	  
paAents	  
	  
Challenge:	  Tackling	  illposedness	  
•  Illposedness	  
–  Different	  source	  combinaAons	  give	  rise	  to	  same	  EEG	  
–  Number	  of	  sources	  is	  unknown	  
–  Data	  contains	  noise	  
•  Source	  esAmaAon	  only	  based	  on	  EEG	  is	  not	  enough	  
Trends:	  EEG/i(nvasive)EEG	  source	  imaging	  
•  Possibility	  of	  implantaAon	  is	  growing	  
–  Invasive	  recording	  are	  less	  noisy	  
[Dümpelmann	  et	  al.,	  2009]	  
Trends:	  MulAmodality	  Imaging	  









Trends:	  MulAmodality	  Imaging	  












•  EEG	  source	  localizaAon	  is	  method	  to	  esAmate	  the	  
source	  with	  a	  high	  temporal	  resoluAon	  
•  But	  spaAal	  resoluAon	  is	  poor	  due	  to	  
–  Forward	  modeling:	  geometry	  and	  conducAvity	  
–  Illposedness:	  number	  of	  sources	  and	  noise	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Conclusions	  
•  Trends	  towards	  
–  ConstrucAon	  highly	  detailed	  models	  
–  MulAmodal	  integraAon	  for	  neuronal	  acAvity	  esAmaAon	  
–  Invasive	  recordings	  and	  simultaneous	  EEG/iEEG	  esAmaAon	  
–  Advanced	  algorithms	  to	  decrease	  sensiAvity	  to	  noise	  and	  
uncertainty	  in	  the	  modeling	  parameters	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QuesAons	  
